We propose a new texture for the light neutrino mass matrix. The proposal is based upon imposing zerotrace condition on the two by two sub-matrices of the complex symmetric Majorana mass matrix in the flavor basis where the charged lepton mass matrix is diagonal. Restricting the mass matrix to have two traceless sub-matrices may be found sufficient to describe the current data. Eight out of fifteen independent possible cases are found to be compatible with current data. Numerical and some approximate analytical results are presented.
Introduction
The observed phenomenon of neutrino oscillations [1] - [5] , solar and atmospheric, provides a compelling evidence that neutrinos are massive and lepton flavors are mixed. These facts are in contrast to the Standard Model of Particle Physics, especially the Electro-weak interaction which is based on SU (2) L × U (1) Y gauge, where the neutrinos are massless. We will assume that the neutrinos are of Majorana type neutrinos, as favored by some theoretical considerations [6] , whence the mass matrix M is symmetric. In the frame work of three lepton families, the mass spectrum and flavor mixing are fully described by twelve real parameters: three charged lepton masses (m e , m µ , m τ ), three neutrino masses (m 1 , m 2 , m 3 ), three flavor mixing angles (θ x , θ y , θ z ), one Dirac-type CP-violating phase (δ) and two Majorana-type CP-violating phases (ρ and σ).
In the flavor basis where the charged lepton mass matrix is diagonal, the mass term for Majorana neutrinos in terms of gauge eigen states, in the case of three flavors, has the form
where C is the charge conjugation matrix. The complex symmetric Majorana neutrino mass matrix M can be diagonalized by unitary transformation that links the gauge and mass eigen states as:
The mass term can be written in terms of mass eigen states as
where
and D = diag(m 1 , m 2 , m 3 ) with m i real positive numbers. The lepton flavor mixing matrix V contains six real parameters, three of them are mixing angles while the rest are three CP-violating phases. Following the parameterization in [7] , the matrix V can be expressed as a product of the Dirac-type flavor mixing matrix U (consisting of three mixing angles and one CP-violating phase) and a diagonal matrix P (consisting of two nontrivial Majorana phases): V = U P . Then we may rewrite M in equation (4) as
where two Majorana-type CP-violating phases are included into the complex neutrino mass eigenvalues λ i , and the relation |λ i | = m i holds. Without loss of generality, we take
The matrix U is the Dirac-type flavor mixing matrix [7] U = 
where we used the convention s α = sin α , c α = cos α.
For the parameterization followed in the present work, the mixing angles (θ x , θ y , θ z ) are directly related to the angles of solar, atmospheric and CHOOZ reactor oscillations [7] :
A recent global analysis of neutrino oscillation data [8] , at the confidence level of 95%, gives the best estimates of the oscillation parameters as 
where θ atm and θ sol are the angles relevant for atmospheric and solar neutrino oscillation respectively. While, θ chz is the angle relevant to CHOOZ reactor experiment for neutrino oscillation [5] . A useful parameter R ν can be defined as:
which has possible values ranging, at the level of confidence 95%, as
this constraint constitutes a very tight criteria for the model to be phenomologically acceptable.
Whereas the three masses of charged leptons (m e , m µ , m ν ) have precisely been measured [9] , we have, concerning the absolute neutrino mass scale, only experimental bounds for M β , M ββ and Σ as follow (see [8] and refs. therein) M β < 1.8 eV M ββ = 0.58
The lower bound for M ββ disappears in case of absence of the neutrinoless double-beta decay. At present, there is no available precise information on any of the CP violating phases. The present available data on neutrinos, even those in the foreseeable future, can not fully determine all the parameters in the neutrino mass matrix. A challenging theoretical task is to find out a Majorana mass matrix of the light neutrino consistent with the current data as summarized in equation (13) . Several attempts have been made to obtain phenomenologicaly acceptable patterns of the neutrino mass matrix M, such as texture zeros [10] - [11] , Zero sum condition [12] ,and determinant zero requirement [13] for the mass matrix. There are also many proposal for the mass matrix based on some symmetry group as in [14] .
In this work we impose the condition that the trace of two possible 2 × 2 submatices is zero. The traceless condition can be considered as a non trivial generalization of the zero-textures, since that, a zero-element can be viewed as a zero-trace of a 1 × 1 sub-matrix. Taking these submatrices in pairs we obtain 15 independent possibilities. Out of these, we find just 8 of them to be phenomenologicaly acceptable. However there are other five cases which can be considered to be marginally accepted. The numerical and some analytical approximate results are reported for all these thirteen cases.
The plan of the paper is as follows: in section 2, necessary formulas for the calculations are introduced beside a classification of the resulting mass patterns. Sections 3, 4 and 5 are respectively devoted to the resulting three possible mass patterns. For each pattern, we present the textures of M with two independent vanishing traces and compute the expressions of the two neutrino mass ratios and the Majaorana phases and other relevant parameters. Numerical and some approximate analytical results are presented. Consistency of models with experimental results are discussed. We end up by conclusions and discussions in section 5.
Fifteen Possible texture with two Traceless submatrices
As M is 3 × 3 symmetric complex matrix, it totally has six independent complex entries. If we impose the condition that the trace of two possible 2 × 2 submatrices is zero, then we have in total 6 independent submatrices with zero trace. When these independent submatrices are taken into pairs, we get 15 possibilities that can be written as
where each subscript runs over e(1), µ(2) and τ (3), but (rs) = (ij) and (αβ) = (nm). Using equation (5) we then obtain the following constraint relations:
The solutions of equation (18) can be written as:
One can observe that the left-hand sides of equation (19) (6), we get the two neutrino mass ratios :
and the two Majorana phases:
With the inputs of three flavor mixing angles and the Dirac-type CP-violating phase, we would be able to predict the relative magnitude of three neutrino masses, the values of two Majorana phases and R ν . The absolute neutrino mass scale can then be predicted by matching, for example, the value of ∆m 2 sol . The other remaining parameters M β , M ββ and Σ can also be predicted. This predictability allows us to examine whether the chosen texture of M with two traceless submatrices is empirically acceptable or not. The input values of θ x and θ y should be consistent with the bounds given by equation (13) CP-violating phase is not constrained. The strategy followed to obtain a good choice for δ is to plot the parameter R ν as a function of δ while maintaining θ x ≈ 34 0 , θ y = 42 0 and θ z ≈ 5 0 . The constraint in equation (15) turns out to be generically very selective for the appropriate choice of δ, as shown in Fig. 1 for a particular model D 1 (according to the nomenclature explained later).
The resulting mass patterns turn out to be classified according to the following three classes:
• Degenerate case which is characterized by m 1 ∼ m 2 ∼ m 3 and is denoted by D.
• Normal hierarchy which is characterized by m 1 ∼ m 2 < m 3 and is denoted by N.
• Inverted hierarchy which is characterized by m 1 ∼ m 2 > m 3 and is denoted by I.
In all our subsequent discussion we follow this order and nomenclature. To work out the explicit expressions of λ 1 /λ 3 and λ 2 /λ 3 in each case, we adopt the parameterization given in equation (7) for the Dirac-type flavor mixing matrix, from which we then obtain the analytical results for m 1 /m 3 , m 2 /m 3 , ρ, σ, R ν , M β and M ββ . However the analytical results as well as the approximate one (for small s z ) are too lengthy to be displayed here, and thus we quote only the numerical results based on the exact formulae in equation (19). We present, for each model, the expressions of a's and b's coefficients and the analytic approximate results for R ν . However for the sake of presentation, the approximate analytical results of all parameters are presented for just one case for each pattern class.
Degenerate models
In this pattern the required quantities a's and b's as given by equation (20) are
which are sufficient to calculate all other quantities. The corresponding expression for R ν , expanded at the leading power of s z , is 
which are sufficient to calculate all other quantities. Using s z as a small parameter, we expand in terms of its powers and keep only leading terms. The analytical approximate formula for the mass ratio are:
The corresponding expressions for ρ and σ are
while the corresponding expressions for R ν , M ββ and M β are
and 
which are sufficient to calculate all other quantities. Using s z as a small parameter, we expand in terms of its powers and keep only the leading terms. The analytical approximate formulae for the mass ratios are:
The corresponding expression for ρ and σ are
where 
and
where Fig. 3 (a) , the available parameter space permits the choice of θ x and θ y in the acceptable range without tuning. In this pattern the numerically estimated mass matrix M is 
where the coefficients b's have the values as given in equation (35). Using s z as a small parameter, expanding in terms of its power and keeping only leading terms, we have the analytical approximate formulae for the mass ratios:
While the corresponding expression for R ν , M ββ and M β are
where In this pattern, no need for tuning to match the experimental results as it is clear from the parameter space in Fig. 3(b) . 
The corresponding expression for R ν , expanded at the leading power of s z , is
In this pattern, no tuning is needed to match the experimental results. 
Conclusion and discussion
In this work several patterns of Majorana neutrino mass matrix, consistent with the present available observed data, are derived. The models are based on textures possessing two 2 × 2 sub-matrices with vanishing trace. The new proposed texture can be considered as a non trivial generalization of the zero-texture as explained in the introduction.
In our work we have thirteen possible acceptable patterns for Majorona mass matrix out of fifteen ones. The resulting models fall into three distinct classes namely, degenerate case (D 1 · · · D 3 ), normal hierarchy case (N 1 and N 2 ) , and inverted hierarchy case (I 1 · · · I 8 ). The numerical results of our study is summarized in Table (1)and Table ( 2) for a quick reference.
Our numerical study reveals that there are eight models (D 1 , D 2 , D 3 , N 1 , I 2 , I 3 , I 4 and I 7 ), for which the mixing angles (θ x , θ y and θ z ) can be adjusted to fall into the acceptable range given by equation (13) . In the remaining five models,(N 2 , I 1 , I 5 , I 6 and I 8 ), θ x falls in the range 41.5 0 ≤ θ x ≤ 45 0 , which is out of the acceptable range. These kinds of models can be considered as empirically ruled out. An avenue for curing these models could be provided by a small perturbation over the adopted textures. In our subsequent discussion we only focus on the successful models namely (D 1 , D 2 , D 3 , N 1 , I 2 , I 3 , I 4 and I 7 ) .
The numerical study points out that Dirac-type phase δ 1 tends to be around π 2 or 3 π 2 in the degenerate case, while in other cases no general trend could be observed. Concerning a possible relation between Dirac and Majorana phases that could be revealed by numerical study, we find the two phases ρ and δ almost satisfying the relation ρ ≈ δ 2 in the normal hierarchy case, while for the degenerate case there is the relation ρ ≈ δ or δ − π 2 , and for the inverted hierarchy case ρ ≈ δ 2 is obeyed except for I 4 where ρ ≈ 2 δ is satisfied. Another possible relation between σ and δ could be easily recognized. In the normal hierarchy and degenerate case, the relation σ ≈ δ or δ − 3 π 2 is satisfied. The inverted hierarchy cases have no specific general relation which is obeyed.
The non oscillation parameters M β , M ββ and Σ are consistent with the bounds given in equation (16). In all the successful models, M β , M ββ and m 3 have the same order of magnitude. The mass sum parameter is always constrained to be Σ ≤ 1.15 eV which is safe with the cosmological bound in equation (16).
All successful models are found to be still consistent with experimental data in the limit of vanishing θ z while keeping θ x ≈ 34 0 and θ y ≈ 42 0 constants. The same thing still holds, when θ z is stretched to its upper bound (10 0 ). In these limits, little changes take place for the other parameters.
Regarding the hierarchical structure of the mass matrices, as it is evident from table. 2, all successful models have clear hierarchical structure except the mass matrix of model N 1 whose elements have all the same order of magnitude. These hierarchical properties are restricted to the real parts, but for the imaginary part they are always very small in comparison with the real ones with the exception of model I 4 .
Final remark, related to when we restrict the study to the parameter space (θ x ≈ 34 0 , θ y ≈ 42 0 and θ z ≈ 5 0 ), while varying δ under the condition 0.025 ≤ R ν ≤ 0.049, we find that all successful models turn out to be tightly constrained in order to have a quasi degenerate spectrum, (m 1 ∼ m 2 ), for m 1 and m 2 and no strong hierarchy between m 1 ∼ m 2 and m 3 can occur. This can be considered as a general prediction for these class of models.
